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(57) ABSTRACT

In a composite component having a laminate body, a con-

ductive layer and a connector can be joined to one another
using an intermediate tlexible circuit. Among other things,
this flexible circuit places the conductive layer and the
connector 1 electrical communication with one another.
Furthermore, during the forming process and because of 1ts
thinness, the tflexible circuit integrates well with the layers of
the laminate body and can accommodates some spatial
displacement of the connector and conductive material rela-
tive to one another.
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COMPOSITE LAMINATE HAVING A
FLEXIBLE CIRCUIT BRIDGE AND METHOD
OF MANUFACTURE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application represents the national stage entry of

PCT International Application No. PCT/US2012/029420
filed on Mar. 16, 2012 and claims the benefit of U.S.
provisional patent application No. 61/453,296 filed Mar. 16,
2011. The contents of both of these applications are 1is
hereby incorporated by reference as if set forth in their
entirety herein.

BACKGROUND

This disclosure relates to composite laminates with one or
more embedded layers and an improved manner of connect-
ing a connector to the embedded layer or layers.

Composite components, such as laminates, are often used
in applications in which having a high strength-to-weight
rat1o 1s important such as, for example, acrospace applica-
tions. Many structural composite components can be made
by layering a high-strength fabric over a form to create what
1s known as a fabric preform, applying a resin to the fabric
preform, and then curing the resin to lock the fabric 1n place,
thereby forming the final composite component.

In some 1nstances, to provide additional functionality to a
laminate, one or more non-fabric layers can be embedded
between the fabric layers of a laminate. As one example, a
metallic layer might be placed between two of the fabric
layers for use as an in-situ resistive heating element. As
another example, a layer containing sensors could be placed
within the laminate in order to measure the loads imparted

on the laminate and to detect any structural weakening of the
component so that the component can be taken out of service

if needed.

SUMMARY OF THE INVENTION

Because of the fabrication steps used to form laminate
composites with embedded layers, 1t has been particularly
problematic to efliciently manufacture such components
with connectors for connecting the internally embedded
layers or circuit portions to external circuits or electrical
devices.

When a layer i1s to be embedded 1in the laminate, the
embedded layer must be placed or otherwise formed during
the construction of the laminate. This usually means that the
embedded layer 1s placed before the fabric of the laminate 1s
tully laid, and 1 some instances, also before the resin has
been fully mjected and cured. During the application and
curing of the resin, the laminate can, at least to some
non-trivial extent, exhibit a dimensional change. This makes
a direct connection of any embedded layers to the connector
potentially problematic because stress may develop at the
connection between the embedded layer and the connector
during the curing of the resin and compromise the integrity
of the connection.

Alternatively, the connection between the connector and
the embedded layer might be established after curing. How-
ever, this type of production can be particularly labor-
intensive because the connector would need to be assembled
in-place with the as-cured laminate already having been
formed.
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As still a further consideration, the use of internal wires
or other custom detailing in the laminate body to permit
external connection 1s typically problematic. Among other
things, such features are not easily received between the
layers and can either complicate the fabrication process or

result 1n the formation of undesired wrinkles or bulges in the
tabric above the locations at which the features are embed-
ded.

These problems and more have been overcome in this
disclosure by the use of a flexible circuit to bridge an
clectrical connection between an embedded internal conduc-
tive layer or layers and a connector. Among other things, the
thinness of the flexible circuit means that the flexible circuit
integrates well with traditional laminate forming processes.

According to one aspect of the mvention, a composite
component includes a laminate body, a connector, and a
flexible circuit. The laminate body includes a plurality of
layers held together by a resin. In the composite component,
an opening 1s formed into which the connector 1s received.
The conductive layer 1s disposed between the layers of the
laminate body such that the conductive layer can be said to
be embedded 1n the laminate body. The flexible circuit
bridges the connector and the conductive layer thereby
placing the connector 1n electrical communication with the
conductive layer. At least a portion of an electrical circuit 1s
established between the connector, the tlexible circuit, and
the conductive layer.

The flexible circuit may be disposed between the layers of
the laminate body and may be flexible during a curing
process 1n which the resin of the laminate body 1s hardened
to form the composite component. By providing some
amount of resilience and behaving similar to a flexible ply,
the tlexible circuit can accommodate some amount of spatial
displacement of the connector and the conductive layer
relative to one another during curing. This avoids the need
to use special custom-molded conductors and/or perform
in-place assembly of the connector 1n the cured composite
component.

The flexible circuit may include two or more conductive
traces which are each connected to respective pins in the
connector. Each one of the conductive traces can electrically
connect one of the pins on the connector to a respective
portion of the conductive layer. The connection between the
flexible circuit and the connector and conductive layer could
be made, for example, by welding or soldering. The con-
nector may have an attachment end that 1s connected to the
flexible circuit (e.g., by the atorementioned welding and/or
soldering) and a plug end that 1s accessible from an exterior
of the composite component.

In one preferred form, the plurality of layers of the
laminate body may be a carbon fiber fabric and be held
together, at least 1n part, by a cured resin material. Because
the carbon fiber fabric layers are electrically conductive, the
flexible circuit and the conductive layer embedded in the
laminate body can have electrically msulative material dis-
posed between the layers of the laminate body and the
conductive layer and/or the tlexible circuat.

In some forms, the composite component may include a
core, such as a metallic core, over a portion of which the
plurality of layers of the laminate body are placed. The
opening that receives the connector may be formed in the
core, while the conductive layer may be disposed between
the layers of the laminate body. However, 1n other forms, the
entire composite component could be a laminate (with the
embedded conductive layer, flexible circuit, and connector).

The conductive layer might serve one of a number of
functions. In one form, the conductive layer may be a heater
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clement that 1s used, for example, to deice airfoil surfaces of
the composite component. In another form, the conductive
layer may be adapted to monitor a structural health of the
laminate body using embedded sensors or other detection
means.

Although the composite component could be used 1n any
of a number of different types ol applications, such com-
posite components may be particularly usetful 1n the aero-
space 1ndustry. For example, the composite component
could be an engine vane or part of an airfoil. In one specific
embodiment in which the composite component 1s an engine
vane, the opening for the connector may be formed in a
platform portion of the composite component adapted for
connection to an engine case and the conductive material
may be formed in an airfoil portion of the composite
component.

According to another aspect of the invention, a method of
making a composite component of this type 1s provided. The
method includes laying at least some of the plurality of
layers to form a portion of the laminate body. At this point,
a conductive layer and a flexible circuit can be placed 1n the
laminate body and a connector placed in the composite
component (e.g., either 1n another portion of the laminate
body or in a core having a portion over which the laminate
body 1s formed). The flexible circuit bridges the conductive
layer and the connector and further places the connector 1n
clectrical communication with the conductive layer. The
remainder of the plurality of layers can then be laid to embed
the conductive layer and the flexible circuit bridge within the
laminate body. Then, the resin can be cured that holds the
plurality of layers together to form the composite compo-
nent.

Again, during the curing process, the flexible circuit can
accommodate some spatial displacement of the connector
and conductive material relative to one another.

The method may further include the step of injecting the
resin 1nto the plurality of layers before curing. However, it
1s contemplated that the layers of the laminate body may be
pre-impregnated with resin, meaning that a separate 1njec-
tion step 1s not needed, or that resin might be 1ntroduced at
multiple times throughout the forming of the composite
component and not fully cured until the end of the process.

In order to establish a solid electrical and mechanical
connection across the connector, flexible circuit, and the
conductive material, the flexible circuit may be welded or
soldered to the connector and the conductive layer.

The method may further include the steps of forming an
opening 1n the composite component before laying the
remainder of the plurality of layers and inserting the con-
nector in the opening. In some forms, the composite com-
ponent may include a core, such as a metallic core, and the
step of laying at least some of the plurality of layers to form
a portion of the laminate body includes placing the layers
over the core. Additionally, the opening for the connector
may be formed in the core while the conductive layer 1s
disposed between the layers of the laminate body. In this
instance, the tlexible circuit will bridge the parts disposed 1n
the core and the laminate body portions of the composite
component.

These and still other advantages of the imvention will be

apparent from the detailed description and drawings. What
tollows 1s merely a description of some preferred embodi-
ments of the present invention. To assess the full scope of the
invention the claims should be looked to as these preferred
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embodiments are not intended to be the only embodiments
within the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a composite component 1n
the form of an engine vane.

FIG. 2 1s a detailed view of an end of the vane of FIG. 1
showing the platform portion.

FIG. 3 1s a detailed view of a core portion of the
composite component of FIG. 1 belore the laminate layers
have been laid.

FIG. 4 1s a detailed, partially exploded, partial break away
perspective view of the vane of FIG. 1.

FIG. 5 1s a cross sectional view taken through line 5-5 of
FIG. 2 illustrating the connector and flexible circuit embed-
ded in the laminate body of the composite component.

FIG. 6 1s a detailed view of the flexible circuit of the
composite component in FIG. 1 apart from the remainder of
the component.

FI1G. 7 1s a detailed view of the flexible circuit of FIG. 6,
turther showing the attachment of the connector to one end
of the flexible circuait.

DETAILED DESCRIPTION

Referring first to FIGS. 1 and 2, a composite component
10 1s 1llustrated in the form of an engine vane which may be
used, for example, in an turbo engine of an aircraft. Given
the application, such a composite component 10 1s a struc-
tural component that 1s stifl and rigid.

The composite component 10 extends from a first end 12
for connection to a central case or an outer case (not shown)
to a second end 14. The first end 12 includes a platform
portion 16 which can be adapted for reception in the case
and may include mounting features that interact with the
case to secure the two together (e.g., a slot and tongue
engagement of the two parts) and/or features that enable
connection of the two parts via fasteming means (e.g.,
threaded holes for engagement with bolts). As will be
described 1n greater detail below, the platform portion 16 on
this first end 12 also supports a connector (not shown in
FIGS. 1 and 2), which can be used to electrically connect
internal components of the composite component 10 to an
clectrical system, monitoring equipment, and/or a power
supply. As 1llustrated, the second end 14 1s a terminal end;
however, the second end 14 could be made to include a
feature that engages another circumierential element of the
turbo engine to provide further structural support for the
composite component 10 during use.

Between the first end 12 and the second end 14, the
composite component 10 primarily includes a vane 18,
which serves as an airfoil. This vane 18 has a leading edge
20 and a tailing edge 22 along with a airfoil surface 24 there
between. The shape of leading edge 20, tailing edge 22, and
the airfoil surface 24 can be used to control the manner in
which air or another gas interacts with the surfaces and
edges of the vane 18.

With further reference to FIG. 3, a core 23 1s illustrated.
This core 23 may be a metallic core that 1s formed into shape
using any of a number of metal fabricating processes (e.g.,
casting, machining, forging, and so forth). The core 23
includes the platform portion 16 as well as an integral paddle
portion 25. The paddle portion 235 1s a relatively slender
section that 1s roughly perpendicular to a generally circular
face of the platform portion 16. At a radius between the
platform portion 16 and the paddle portion 25, an opening 46
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1s formed in the platform portion 16 of the core 23. During
assembly (as will be described in more detail below), the
layers of fabric can be placed over the paddle portion 25 to
form the vane 18 and the connector 28 may be placed nto
the opening 46.

Now with additional reference to FIGS. 4 and 5, partial
interior views of the composite component 10 are 1llustrated.
From these views, 1t can be seen that the composite com-
ponent 10 includes a laminate body 26 which supports or
houses various elements in the laminate body 26 of the
composite component 10. Among these clements are a
conductive layer 30 and a flexible circuit 32 which bridges
and electrically connects the connector 28 to the conductive
layer 30.

The laminate body 26 comprises including a plurality of
layers 27 of fabric, which are best 1llustrated 1n the detail of
FIG. 3, held together by a resin material throughout. The
resin material 1s cured to harden the laminate body 26 and
lock the layers 27 of fabric in place with respect to one
another. It should be appreciated that a number of layers 27
are roughly depicted as being stacked upon one another 1n
FIG. §; however, 1n reality for complex shapes 1t 1s often the
case that layers of fabric may not be completely continuous
and to obtain complex geometric features (for example, the
platiorm portion 16 11 the platform portion 16 were to be part
of the laminate), the fabric or sections thereof may need to
be selectively cut and applied and, 1n some 1instances,
interleaved with other layers. For the sake of clarity, the
cross-hatching of FIG. 4 i1s not intended to illustrate layer
orientation, but to indicate a break 1n the illustrated view.

Because aircraft components are preferably made from a
material possessing a high strength-to-weight ratio, the
tabric of the layers 27 may be made of a carbon fiber
material and the resin may be an epoxy or a high-tempera-
ture resin such as bismaleimide or polyamide to make an
extremely strong and rigid component that 1s stable at high
temperatures. Typically, the carbon fiber fabric 1s a woven
material made from various tows of the material that are
woven. Often the material 1in the form of a tr1-axial weave in
which the fabric includes axial tows as well as two pairs of
bi1-axial tows oriented 1n at a positive or negative angle
relative to axial tows (typically, plus and minus 60 degrees
from the orientation of the axial tows). However, nothing
should so limit the disclosed composite component to this
specific fabric type or arrangement. Other fabrics and resin
material might be used depending on the demands of the
application. Likewise, the fabric may be non-woven, have
other weave patterns, or possess structurally modified tows.

Returming now to the electrical elements captured 1n the
composite component 10, and with further reference to FIG.
7, the connector 28 includes a body 34 having a generally
cylindrically-shaped outer surface 36. On one end of the
body 34 of the connector 28, there are a pair of pins 38 which
project out of the end of the body 34 in a direction parallel
to the axis of the connector 28. This end of the body 34 and
the pins 38 are accessible from the outside of the laminate
body 26 of the composite component 10 such that connector
28 can be attached to another connector, such as the harness
40 which 1s 1illustrated 1n FIG. 4. This harness 40 can be
wired to connect to an electrical system, monitoring system,
power supply or so forth. On the other end of the body 34,
there 1s curved surface 42 (best 1llustrated 1n FIGS. 3 and 4)
through which rear stubs 44 of the pins 38 exit. As will be
described in further detail below, during assembly, a portion
of the tlexible circuit 32 1s placed against this curved surface
42 on the attachment end of the connector 28 and the rear
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stubs 44 of the pins 42 can be welded, soldered, or otherwise
connected to the flexible circuit 32.

Although only two pins are shown in the illustrated
embodiment, which 1s suflicient to establish a circuit
between the connector 28 and the items to which it 1s
attached, 1t 1s contemplated that the connector 28 could
include more than two pins. Likewise, different types of
clectrical connection members could be used 1nstead of pins.

With specific reference to FIG. 5, 1t can be seen that the
connector 28 1s recerved 1n an opening 46, such as a dual
counterbored opening, that 1s formed 1n the laminate body
26. More particularly, this opening 46 1s formed in the
platform portion 16 on the side of the platform portion 16
that 1s connectable to the case. The opening 46 extends into
the laminate body 26 and eventually terminates at the
location at which the connector 28 i1s connected to the
flexible circuit 32 on the curved surface 42. As will be
described in further detail below, the opening 46 may be
formed when the laminate body 26 1s only partially formed
and not all plies or layers 27 of the fabric material have been
applied. Moreover, 1t 1s contemplated that the platform
portion 16 could be first formed as a subassembly 1nto which
the opening 1s formed and that this subassembly could be
subsequently attached the vane 18. Accordingly, the closed
end of the opening 46 may be established only once further
tabric layers 27 are applied on the side of the opening 46 that
generally faces the vane 18.

With additional reference to FIG. 6, the flexible circuit 32
1s 1llustrated 1n detail and separate from the other elements.
The flexible circuit 32 includes a substrate 48, which may be
made of a thin flexible plastic material or the like, on which
at least two conductive traces 50 are supported. These
separate conductive traces 50 may be made of an elastically
or plastically deformable thin metal film that 1s, at least to
some significant degree, deformable with the substrate 48,
so that the flexible circuit 32 remains operable (that 1s the
traces 50 can continue to conduct a signal or current) over
some range of deformation of the flexible circuit 32.

Each of the conductive traces 50 have an attachment end
52 on the portion of the flexible circuit 32 that comes nto
contact with the mating end of the connector 28. In the
particular form 1illustrated, the attachment ends 352 of the
flexible circuit 32 have small openings or apertures which
can be placed around the rear stubs 44 of the pins 38 and
then welded or soldered into place to establish an electrical
connection between the two.

Each of the conductive traces 50 extend to a connection
pad 54 at the other end of the conductive trace 50. Unlike the
attachment ends 52 which are joined to the connector 28 and
which are spatially very close to one another, the connection
pads 54 are relative spaced apart from one other, giving the
flexible circuit 32 a roughly T-shape form (although other
shapes might also be formed). The connection pads 34 are
s1ized and disposed such that they can be connected to the
conductive layer 30 in the laminate body 26 by welding,
soldering, or another form of electro-mechanical connec-
tion.

The conductive layer 30 1s embedded within the laminate
body 26 between the layers 27 of fabric and resin. This
conductive layer 30 may be placed between the layers 27 of
the laminate body 26 during fabrication of the composite
component 10 between the application of the layers 27 of the
fabric material. There are a number of ways that such a
conductive layer 30 might be formed including, but not
limited to thermal spraying or deposition, cutting the con-
ductive layer 30 from a larger sheet and placing it between
the layers 27, and so forth.
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Regardless of the specifics of the formation of the con-
ductive layer 30, the conductive layer 30 should be struc-
tured as to form a portion of a circuit between the connection
pads 54. In the form shown, this means one part of the
conductive layer 30 1s attached to one of the connection pads
54 and another part of the conductive layer 30 1s attached to
the other of the connection pads 54 as best 1llustrated in FIG.
4. Between these two points of connection, the conductive
layer 30 can snake through the vane 18 of the laminate body
26 such that a current or other electrical signal can travel into
one of the pins 38 of the connector 28, through one of the
conductive traces 50 1n the flexible circuit, into and through
the conductive layer 30, back into and through the other
conductive trace 50 1n the flexible circuit 32, and out of the
other pin 38 in the connector 28.

The transmission of an electrical signal or a current
through the conductive layer 30 can serve a number of
functions. For example, the transmission of a current
through the conductive layer 30 can generate resistance
within the conductive layer 30 such that the conductive layer
30 acts as a heater to warm the composite component 10 and
the airfoil surfaces thereof. Likewise, the conductive layer
30 could be made to include one or more sensors such as, for
example, piezoelectric sensors, that detect and/or monitor
the health of the composite component 10 at various loca-
tions within the laminate body 26. While these two enumer-
ated functions are 1llustrative, other functions might also be
performed using the conductive layer.

It will be appreciated that electrically 1solating layers may
sandwich the conductive portions of this circuit to prevent
shorting of the circuit within the laminate body 26. Particu-
larly when the fabric material of the laminate body 26 1s a
carbon fiber material, which is electrically conductive, 1t 1s
important to 1solate the current carrying members of the
circuit from the rest of the laminate body 26. This may be
achieved by placing layers of an insulative or dielectric
material above and below the conductive layer 30 and/or the
flexible circuit 32. Additionally or alternatively, the tlexible
circuit 32 may be fabricated such that the conductive traces
50 are 1solated from the laminate body 26 when the attach-
ment of the flexible circuit 32 to the conductive layer 30 and
the connector 28 1s complete.

While a conductive layer and a circuit in the singular has
been described, that the describe arrangement can be
extended to include multiple circuits (which may include the
duplication of the some of the parts such as pins, conductive
traces and so forth), or the conductive layer could be
extended to extend between through layers of the laminate
by controlling the manner 1n which the conductive layer or
layers and the laminate body are assembled. Moreover, the
composite component 10 might be made to include multiple
circuits which have the same or different uses or circuits
which are capable of more than one use.

Having described the structure above for the composite
component 10, 1t should be appreciated that the inclusion of
a flexible circuit 32 provides many advantages. One of the
greatest advantages 1s that the flexible circuit 32 provides an
intermediate element which 1s somewhat flexible and resil-
ient between the conductive layer 30 and the connector 28.
In contrast to rigid constructions in which the connector 28
might be directly connected to the conductive layer 30, the
flexible circuit 32 provides a bridge which accommodates
some spatial movement of the conductive layer 30 relative
to the connector 28 during, for example, curing 1n which
slight dimensional changes may occur or other steps in
joimng sub-assembled sections of the composite component.
Accordingly, during assembly, the flexible circuit 32 can
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behave similar to a layer of the laminate that 1s laid and does
not require special accommodations 1n 1ts placement.

Some exemplary methods of manufacturing the compos-
ite component are now described to aid in an understanding
ol the benefit of the resultant structure. While these exem-
plary methods explain the process steps that may be used to
tabricate the composite component 10, modifications or
additions to these steps can be made.

Initially, to form a composite component 10 of the type
described above, layers 27 of a fabric material can be laid to
establish a portion of the laminate body 26. In some
instances, such as to construct the composite component 10
as 1llustrated 1n the figures, these layers 27 may be placed
over the paddle portion 235 of the core 23.

In some forms of the method, the platform portion 16 and
vane 18 might be mitially formed separately as one or more
sub-assemblies and then joined. As one example, the plat-
form portion 16 may be formed by taking generally circular
layers of fabric and stacking them to form at least part of the
platform portion 16 of the composite component 10. During
the formation of the platform section 16, at least some of the
layers may have sections cut off to form flats or other
structural features of the platform portion 16. Likewise,
layers 27 of fabric could be wrapped around a mandrel
which defines the shape of the vane 18 to establish another
portion of the laminate body 26. Typically, the layers 27 of
the fabric closest to the center of the vane 18 are laid first
along with the layers 27 of the fabric that form the platiorm
16 or the “core” of the part.

When formed separately as multiple laminates, at some
point during the assembly process, the layers of the vane 18
and the platform portion 16 may be made to interleave with
one another. This can help to establish a firm structural
connection between the two components rather than an
unsupported interface.

In other forms of the method, the platform portion 16 and
the vane 18 might be built up as one continuous form.
Whether the fabric parts are formed as separate joined
sub-assemblies or are made as a single form can depend on
the geometry of the parts being formed as well as their final
mechanical requirements.

It should be noted that when a mandrel 1s used, the center
of the final composite component 10 may include a hollow
volume where this mandrel was located. This hollow space
1s not depicted 1n the figures. When a core 23 1s used, the
paddle portion 25 may occupy a portion of the vane 18 of the
composite component 10.

At this point, with the fabric partially laid, the internal
clements of the circuit can be installed into the partially-
formed laminate body. Typically, this involves forming the
opening 46 in the platform portion 16 by drilling (or
broaching in the event the profile of the connector 1s not
circular, which can help orient the connector 1n the opening)
and then placing the connector 28 1n the opening 46. In some
instances, 1t may be most etlicient to join the connector 28
to the flexible circuit 32 into a sub-assembly (similar to what
1s shown 1n FIG. 7) prior to inserting the connector 28 into
the opening 46 rather than first inserting the connector 28
and then attempting to jo1n 1t to the flexible circuit 28 to form
the opening 28 before any fabric material 1s placed over the
core 23.

Likewise, with the vane 18 partially formed, the conduc-
tive layer 30 1s formed or placed on top of the partially-laid
layers 27 of the fabric on the vane 18. As indicated above,
application of this conductive layer might include thermally
spraying, cutting a form from a thin sheet and putting this
form 1nto place, placing wires and sensors throughout on the
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exposed surface, and so forth. The flexible circuit 32 can
then be connected or joined to the conductive layer 30 (and
the connector 28, 11 1t has not already been done). Again, this
could be done 1n any number of ways, but soldering and
welding are typical ways that such a connection might be
made to ensure good electrical transmission through the
point of connection.

Again, as noted above, in many circumstances, to avoid a
short circuit the conductive portions of the circuit may need
to be electrically 1solated form the rest of the laminate body
26. Electrically 1solating layers may be applied before and
after application of the mternal elements to properly ensure
such 1solation.

In some forms of the method, to better permit formation
of the opening 46 by machining, the partially-formed lami-
nate body 26 may have some amount of resin introduced and
partially cured 1n the platform portion 16 before the machin-
ing occurs to form the opening 46 and perhaps even while
the platform portion 16 1s still separate from the vane 18.
The introduction of this partially-cured resin can improve
the machineablity of the material to permit imtroduction of
the connector 28 and may be fully cured later 1n the process.
Where the opening 46 1s formed in a separate core 23 that
1s made of a easily-machined material, such as aluminum, no
special preparation may be necessary.

Additionally, in some forms of the method, the placement
of the conductive layer 30 on the vane 18 may be made by
temporarily pausing the application of the fabric by auto-
mated machinery and then restarting the automated fabric
placement once the conductive layer 30 has been applied.

In any event, once the elements of the circuit are put 1nto
place, the remainder of the layers 27 of fabric can be fully
laid. This effectively embeds the elements of the circuit 1n
the laminate body 26 (and the core 23), with the exception
of the exposed end of the connector 28.

It 1s contemplated that in some forms of the method
various conductive layers may be applied. If this 1s the case,
then portions of the flexible circuit 32 may remain accessible
during intermediate laying of fabric and subsequently joined
to another conductive layer later in the process.

Throughout this process, the partially-formed or com-
pletely formed laminate body may be debulked to reduce or
climinate wrinkles and ensure tight consolidation of the
layers of fabric. The strength of the composite component 1s

primarily dertved from the fabric layers of the material and
not the resin material. For this reason, it 1s desirable to have
high fabric-to-resin ratio in the volume of the composite
component which can be achieved by dense placement of
the fabric.

At this point, the consolidated fabric form and any asso-
ciated mandrel or core can be placed in an apparatus that 1s
used to mtroduce or mject resin nto the fabric form (that 1s,
i the fabric material 1s not already impregnated with resin)
and the resin material 1s subsequently cured. Typically,
during the later fabric application stages and the curing
stage, there 1s some amount of dimensional shiit 1n the part.
Fortunately, by using the flexible circuit 32 to bridge the
connector 28 and the conductive layer 30, the flexible circuit
32 can accommodate some of this dimensional shift, avoid-
ing the need for custom-molded conductors or post-curing
in-place attachment of the connectors directly to the con-
ductive layer.

It should be appreciated that various other modifications
and vanations to the preferred embodiments can be made
within the spirit and scope of the invention. Therefore, the
invention should not be limited to the described embodi-
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ments. To ascertain the tull scope of the invention, the
following claims should be referenced.

What 1s claimed 1s:

1. A composite component comprising:

a laminate body including a plurality of layers held
together by a resin;

an opening formed 1n the composite component;

a connector received in the opening, the connector having,
a plug end that 1s accessible from an exterior of the
composite component;

a conductive layer disposed between the layers of the
laminate body such that the conductive layer 1s embed-
ded in the laminate body; and

a flexible circuit that bridges the connector and the
conductive layer, the flexible circuit placing the con-
nector 1n electrical communication with the conductive
layer;

wherein at least a portion of an electrical circuit 1s
established between the connector, the flexible circuit,
and the conductive layer; and

wherein the composite component 1s an engine vane.

2. The composite component of claam 1 wherein the
flexible circuit 1s disposed between the layers of the laminate
body and 1s flexible during a curing process 1 which the
resin of the laminate body 1s hardened to form the composite
component.

3. The composite component of claim 1 wherein the
flexible circuit includes two conductive traces each con-
nected to respective pins, i which each one of the two
conductive traces electrically connects one of the pins on the
connector to a respective portion of the conductive layer.

4. The composite component of claam 1 wherein the
flexible circuit 1s welded to at least one of the connector and
the conductive layer.

5. The composite component of claam 1 wherein the
flexible circuit 1s soldered to at least one of the connector
and the conductive layer.

6. The composite component of claam 1 wheremn the
plurality of layers of the laminate body are a carbon fiber
fabric and are held together, at least 1n part, by a cured resin
material.

7. The composite component of claam 1 wherein an
insulative maternial 1s disposed between the laminate body
and the conductive layer.

8. The composite component of claam 1 wherein the
connector has an attachment end that 1s connected to the
flexible circuat.

9. The composite component of claam 1 wherein the
conductive layer i1s a heater element.

10. The composite component of claam 1 wherein the
conductive layer includes one or more sensors adapted to
monitor a structural health of the laminate body.

11. The composite component of claim 1 wherein the
composite component 1s an airfoul.

12. The composite component of claim 1 wherein the
opening for the connector 1s formed 1n a platform portion of
the composite component adapted for connection to a case
and the conductive material 1s formed 1n an airfoil portion of
the composite component.

13. The composite component of claam 1 wherein the
composite component further includes a core over which the
plurality of layers of the laminate body are placed and
wherein the opening that receives the connector 1s formed in
the core, but the conductive layer 1s disposed between the
layers of the laminate body.

14. A method of making a composite component having
a laminate body including a plurality of layers having a
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conductive layer disposed there between and including a
resin that holds the plurality of layers together, the method
comprising;
laying at least some of the plurality of layers to form a
portion of the laminate body;

placing a conductive layer and a flexible circuit in the
laminate body and a connector 1n the composite com-
ponent, in which the connector has a plug end that is
accessible from an exterior of the composite compo-
nent, the tlexible circuit bridging the conductive layer
and the connector and further placing the connector 1n
clectrical communication with the conductive layer;

laying a remainder of the plurality of layers to embed the
conductive layer and the flexible circuit bridge within

the laminate body; and

curing the resin that holds the plurality of layers together
to form the composite component;

wherein the plurality of layers of the laminate body are a
carbon fiber fabric and are held together, at least 1n part,
by a cured resin material.

15. The method of claim 14 wherein, during the curing
process, the flexible circuit accommodates some spatial
displacement of the connector and conductive material rela-
tive to one another.

16. The method of claim 14 further comprising the step of
injecting the resin into the plurality of layers before curing.

17. The method of claim 14 further comprising the step of
welding or soldering the flexible circuit to the connector and
the conductive layer.
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18. The method of claim 14 further comprising the steps
of forming an opening in the composite component before
laying the remainder of the plurality of layers and 1nserting
the connector in the opening.

19. The method of claim 14 wherein the composite
component further includes a core and the step of laying at
least some of the plurality of layers to form a portion of the
laminate body includes placing the layers over the core and
wherein an opening that receives the connector 1s formed in
the core, but the conductive layer 1s disposed between the
layers of the laminate body.

20. A composite component comprising:

a laminate body including a plurality of layers held

together by a resin;

an opening formed 1n the composite component;

a connector received in the opening, the connector having
a plug end that 1s accessible from an exterior of the
composite component;

a conductive layer disposed between the layers of the
laminate body such that the conductive layer 1s embed-
ded in the laminate body; and

a flexible circuit that bridges the connector and the
conductive layer, the flexible circuit placing the con-
nector 1n electrical communication with the conductive
layer;

wherein at least a portion of an electrical circuit 1is
established between the connector, the flexible circuit,
and the conductive layer;

wherein the plurality of layers of the laminate body are a
carbon fiber fabric and are held together, at least 1n part,
by a cured resin material.
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